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Purpose: Prepare Stakeholders for the Public Meeting

" The Department wants to assist stakeholders in understanding
and interpreting the material developed for the Advance Notice of
Proposed Rulemaking (ANOPR)

" ANOPR Federal Register notice published July 29, 2004
" Focus on the spreadsheet tools developed for the ANOPR

= Explain how to use and apply the spreadsheet tools before the
meeting
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Energy Efficiency and Renewable Energy

Webcast Protocol: Education & Familiarization Only

" Familiarize stakeholders with ANOPR spreadsheet tools

" QOpportunity to ask clarification questions at the end of each
section discussed today relating to the material presented

" The webcast is not part of the formal process and has no
provision for capturing comments for the record

" This is not a forum to critique the ANOPR analysis

" The Department requests comments at the public meeting or in
writing
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Rulemaking Overview
Engineering Analysis
Life-Cycle Cost Analysis

National Impact Analysis
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Stages of the Rulemaking Process
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v’ Federal Register Notices v" Web-posting Draft Analysis
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ANOPR Analyses Flow Diagram
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ANOPR Documents and Material Published

www.eere.energy.gov/buildings/appliance_standards/residential/furnaces_boilers.html

" Federal Register Notice = Life-Cycle Cost and Payback Period
= Technical Support Document (6 spreadsheets)

(ANOPR version) "= National Impact Analysis
= Engineering Analysis (2 spreadsheets)

(1 spreadsheet) " RECS Database & Reduced Furnace
= |nstallation Model Model Database

(2 spreadsheets)

By o
Jaly 29, 2004
TECHNICAL SUPPORT DOCUMENT:
% ENERGY EFFICIENCY PROGRAM
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\ US. Department of Energy

'/ Energy Efficiency and Renewable Energy

How to Submit Comments...

Public Meeting on September 29, 2004 — oral comments will be captured

in the transcript and become part of the public record.

Written comments — comment period open until November 10, 2004.

Reference docket #: EE-RM/STD—-01-350 and/or RIN #: 1904—-AA78.

Email:

Mail:

Couirier:

ResidentialFBANOPRComments@ee.doe.gov

Ms. Brenda Edwards-Jones

U.S. Department of Energy

BuildingTechnologies Program, Mailstop EE-2J

ANOPR for Residential Furnaces and Boilers

Docket number EE-RM/STD-01-350 and/or RIN number 1904-AA78
1000 Independence Avenue, SW.

Washington, DC 20585-0121

Ms. Brenda Edwards-Jones

U.S. Department of Energy

Building Technologies Program, Room 1J-018
1000 Independence Avenue, SW

Washington, DC 20585
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Rulemaking Overview
Engineering Analysis
Life-Cycle Cost Analysis

National Impact Analysis




The purpose of the Engineering Analysis is to estimate the
incremental energy savings potential and costs from
increased equipment efficiency levels.

i Select efficiency increases (design options) relative to the baseline units

Q’ Develop cost-efficiency relationships to show the equipment and
installation costs of achieving increased efficiency

j Account for ranges and uncertainties in data and generate LCC input
distributions

j Determine the simple payback for each efficiency level (design option) by
calculating energy consumption based on the DOE test procedure (to
satisfy NAECA rebuttable payback requirements)

10
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Engineering Analysis Overview

Baseline
Units ~~ » | Equipment
Cost- Equipment (Life-Cycle First Cost
Design -------- » | Efficiency Markup Distributions)
_ Relationship
Options A
Installation
Cost '
> First Cost \
Rebuttable
Operating Payback
Energy Energy Cost
Usage Price
Maintenance
Cost

11
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Engineering Analysis Overview

Baseline
Units )
Equipment (Life-Cycle First Cost
Design Markup Distributions)
Options A
Installation
Cost '
First Cost
Rebuttable
Operating Payback
Energy Energy Cost
Usage Price

Maintenance
Cost

12
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iTRs 0L~

|

Baseline units are the lowest efficiency products
available that meet current NAECA standards.

Input
Capacity’ AFUE Conf.3  Heat Exchanger® Ignition®
(Btu/hr) ( )

Efficiency?

NUMASII 75000 | 78 | uptow | Sl | Mo induce
Q g ‘C,-}vae:-tlri?;i;equrnaces 75,000 5 Horizontal Cla—ﬁfur;:y or Su|-r|f(;tce Natural
g ._.5_ g::j::?r:grpjfnaces 70,000 75 Downflow Drum Stg?lging Natural
-§- Oil-Fired Furnaces 105,000 78 Upflow Drum '”:Zmiigﬁ“t Induced
o
w : _ .

ﬁzts ;Iflgfe(?' Boilers 140,000 80 N/A I?aescetl,oggls’t?rrgr-w StlaD?Igltng Natural

gg;v\;:fer Boilers 105,000 80 N/A Eaescéi,o gzlétvl\{*ce)’: In:ge;m’:iigﬁ " | Induced

Sources:

! Stakeholders’ Input

2 NAECA Minimum Standards

3 Manufacturer Interviews, Market Assessment

13
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Equipment Cost-Efficiency Process

1) Define Baseline Units

2) Perform Physical Teardowns
® Select Teardown Units
® Develop Bill of Materials
¢ Cost Model Assumptions

3) Design Option Simulations
® Identify Design Options
¢ Performance Model AFUE
® Cost Design Options

Cost ($)

4) Stakeholder Review, Finalize

AFUE

A = Physical Teardown
(O = Design Option Simulation

14
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Energy Efficiency and Renewable Energy
=
Engineering Spreadsheet File Structure |
Sheet Type Contents
Introduction Overview Worksheet instructions
Data Inputs All inputs

NonWeath Gas Furnace

Weath Gas Furnace

MH Gas Furnace

Oil Furnace

Gas Boiler

Oil Boiler

Class Calculations

Contains first costs (equipment +
installation), and operating costs
(repair/maintenance + energy), and
simple first year paybacks in 2012 for
each product class at each efficiency
level.

InstallationCostScenarios

Scenario Selector

Installation data switches

TP-SingleStageCitrl

TP-TwoStageCitrl

TP-StepModCitrl

Energy Calculations

Burner operating hours (BOH) and
furnace/boiler average annual electrical
energy consumption (Eae) for each
product class at each efficiency level.

Table-Lookup

Lookup Tables

For energy calculations

15
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The incremental manufacturing cost results are
on the class calculation sheets.

A E | c | o | E F | G H | |
1| |NON-WEATHERIZED GAS FURNACE Installation Mod
| 2 | Cost Data
| 3 | Mir Cosis (per unit) Consumer Co
| ¢ | Material | Lahor | Transportation | Overhead | Total tal| Retail
5| ID Efficiency Levels & Design Options . $ $ $ $ $ $ $
5 78 AFUE - Baseline Non- Weatherized $232.79  $57.76 $19.52 $31.16 | $341.33 $1,086.42
7 $234.69 | $58.55 $19.52 $31.62 | $344.48 $1,093.03
8 0% AFUE (A1) - Iny $23769 $38.55 $19.62 $3162  §347.48 $1,009.33
3 0% AFUE rovedCircElowerllotor( B $337.690 $38.55 $19.62 $3162  $447.48 $1,309.50
(43) - ImprovedCircBlowerhotar{SE) $337.690 $38.55 $19.62 $3162  $447.48 $1,309.50
0% AFUE (44) - InprovedCircBlowerlmpeller wi PSC $29325 $58.55 $30.54 $3162  $42295 $1,257.96
80%AFUE (45) - ImprovedCompartCircBlowerlmpeller + ECM | $359.20 $58.55 $19.62 $3162  $468.99 $1,354.71
807 AFUE (B) - Improved Heat Transfer Coef $235.22 | $61.82 $19.62 $32.50 | $349.16 $1,102.87
0% AFUE (B1) - ImprovedCircBlowerhotor{PSC) $233.22 $61.32 $19.62 $3250  $352.16 $1,100.17
80%AFUE (B2) - ImprovedCireBlowerhotor BCTV) $338.22 $A132 $19.62 $452.16 $1,319.34
0% AFUE (B3) - ImprovedCircBlowerhotor SR $333.22 $61.32 $19.62 $1,319.34
0% AFUE (B4) - IprovedCircBlowerlmpeller wi PSC $293.78 $61.32 $30.54 $1,267.80
80%AFUE (B3) - InprovedCorapactCireBlowerlrapeller + ECM | $350.73 $61.32 $10.62 $1,364.55
62 $1,130.37
| C | ] E | F | G | H |62 §1,145.68
62 $1,355.85
154 59 |$1,346.17
Imm‘“"m $186.75  |$1.478.91
$6.22  |$1,099.50
Cosi Data $922  |$1,10581
. $10922 |$1,31598
Mir Cosis (per unii) Com il ojaop
$2490  ($1,264.43
$130.73  |$1,361.18
. . $9.10  [$1,105.54
Material | Labor | Transportation | Overhead| Total |Incremental $1210  [$1,11185
$112.10 |$1,32202
$ $ $ $ $ $ $45343  $11210 |$1,32202
il éoilerM TI;-Singlngt;g;Ctrl m;( 'FP-'ch

$232.70 $57.76

$19.62

$31.16

$341.33

$234.60 $58.55

$19.62

$31.62

$344.48

$3.14

16
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Baseline
Units

Design

Options

Equipment
Cost-
Efficiency
Relationship

Engineering Analysis Overview

Equipment
Markup

Energy
Usage

Energy
Price

Maintenance
Cost

(Life-Cycle First Cost
Distributions)

4
First Cost
Rebuttable
Operating Payback
Cost

17
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Installation Cost Components E
7 Vent
Vent Modifications
/ Removal/Replacement
Condensate Drainage

i T ! Electrical Hookup =l
ﬁd | Nominal Ducting/Piping w

Water Furnace
Heater

wWater Furnace
Heater

Installation costs are usually higher than the equipment cost, and vary with
efficiency, installation configuration, and installation size.

18
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Installation Cost Sources Initially Considered =\
e

Sample Geographic Source
Size Spread Breadth

1994 GRI Report 34 USA Wide New = replacement markets; no
detailed data

Comment

Data Source

Inflation index
updated in 2002

1999 NR Canada >16 4 Canadian Narrow Applicable to new construction
study cities condensing furnaces
1996 Wisconsin 12 Wisconsin Narrow
Energy Center
Bill of Material >1500 USA Wide Widely used by contractors for
Cost Model bidding

The Department created its own installation cost model, based on the widely
used RS Means construction-cost estimation method, and this model agrees
with the above sources when equivalent assumptions are used.

19



2\ U.S. Department of Energy

Energy Efficiency and Renewable Energy

Installation Model File Structure =)

Installation Model, Type Contents

Selected Sheets

Model Overview Sheet Description and Contents, with hyperlinks

Glossary List of Venting Terms and Definitions

Results for Most Classes Installation Cost Efficiency Tables

Top-level results for each Candidate Standard
Level

Overall Results

Sub-Results Absolute cost breakdowns for each candidate
standard level; weighting applied here.
Master BOM BOM w/ activated lines

Assumption Overview List of all assumptions and sources

Controls Model input and output sheet

SSE-AFUE Summary Summary for all classes; data and assumptions in

“SSE-AFUE Analysis.xIs”

20



Installation Model Cost Calculation Steps

Config-

uration

4

Bill of
Material

<

b

Vent Configuration —

Nationally weight averaged
according to prevalence in the
field.

Bill of Material (BOM) — Single venting configuration

BOMs are determined from
installation manuals.

Quantity

{

Material

+ Labor

Line Iltem Quantity —

“Installation size”-related
parameters (vent length &
diameter, etc.) are calculated

using a Monte Carlo simulation.

Material & Labor —

Material quotations and RS
Means labor cost estimates.

21
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Energy Efficiency and Renewable Energy

Step 1: Vent Configuration - Common Configurations

Config-
uration

Market

Furnace
Category

Existing
Vent Type

Chimney
Liner

Existing Vent
Connector

Vent
Orientation

Water Heater
Venting

Typical Single
Family Home,
Non-
Weatherized

| New | | Replacement |
[ i I
v v v v
Non-Condensin Near-Condensin . .
78%/80%1-Stagg 81% 2-stage Mod | |Near-Condensing| | Condensing
Baseline Upgrade . 83% Upgrade Upgrade
Category | Ca':ggory | Category IIl 90%+ Category IV
[ Interior | | Exterior || Type B Double Wall | PVC
[ (Un-Lined) | [ (Metal Lined) |
[ |
A 4
Prastc
v ¥ K
Type B: Single Wall | Single Wall
| Double Wall | | Galvanized Steel Aluminum
T I T
[ Vertical | | Side-wall | | Vertical | | side-wall |
v v v
Reline Replace
Resize Vent Masonry Water
Chimney Heater

22



U.S. Department of Energy

Energy Efficiency and Renewable Energy

Step 1: Vent Configuration - Weighting ==\
e

Total Cost NW Gas Furnace Model Overview
Config- Baseline: Non-Condensing 80% AFUE Vertical Vent
uration Vent Mailur:_ry [.['213%] Masu;l_r_lryf?%] TYE-: I:D;[;:hle Plaiic (I:l:l;r Weidhted Candidate
nine ne clllges) ) ! Weighted I'l.:lgk 'i Standard Level
Vent [ Single | Double | Single | Double | Single | Double Plasti Oth Average A arke Weighted
11 of Conn| Wall Wall | Wall Wall | Wall Wall a%'c %“'r verage Average
Bill o Market  Options {53%) (36%) (53%) (36%) 53%) {36%) (6%) %)
Material Water
v Heater | ooy | a4 §525 | 8529 | %525 | $529 5612
Isolated
Replacements| {50%)
Q o (F5%) Water 5629
uantity Heater
\/ Common $909 $945 $925 $529 $925 $529 $633
90%)
\/ Water $738
. Heater
Material Isolated $9a0 $1,000 $9a0 $1000 | $1,150 [ $1,170 $1,054
+ Labor {50%)
\/ New {25%) T $1.076
Heater
Common 5280 §1.000 | §1,081 $1,071 §1.204 | $1223 $1,098
0%)
Weighting 17 % 11% 20% 13% 23% 16%

23
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Step 1: Vent Configuration - Vent Category

Config-

uration

Bill of
Material

S

Quantity

S

Material

+ Labor

\

%'_ U.S. Department of Energy

Energy Efficiency and Renewable Energy

(Non-weatherized Gas Furnaces)

Efficiency Level

78% AFUE

Vent Assumption

Category | (steel)

80% AFUE

Category | (steel)

81% 2-stage Modulating

Category | (steel),

Type B vent connector required

81% 1-stage

92% Category | (steel)
8% Category lll (stainless steel)

82%

65% Category | (steel)
35% Category lll (stainless steel)

83%

Category lll (stainless steel)

90% Condensing

Category IV (plastic)

24
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Energy Efficiency and Renewable Energy

Step 2: Bill of Material (BOM) ==\

4
Bill of Materials : :
Baseline 80% Replacement Unlined Masonry SWVC IsolatedWH -
Categ ow Item Basel?ne 805 Replacement U_nlined Mazonry OwWYC lsolatedwH
# Eazeline 0% Replacement Lined Mazonry SwYC lsolatedwH
. 1 Baseline 80 Replacement Lined Masanny DWWC Isolated'wH
Conflg- = Gas Piping Eazeline 505 Feplacement Type B $wVC lsolatedwH
. 2 Baseline 80 Replacement Type B DWYC IsolatedwH
Easeline 202 Replacement Unlined Masonry SWWYC Common'sH
uratlon Ductwork 3 Bazeline 80 Replacement Unlined Masonr OwWYC CommonyW'H
I 4 1) TEET oo
l a2 1] =] F0.00
I B 1] ea F0.00
Q 7 1] ea §0.00
Bill of | wentInstallation [ 8 0 |ea gooo| 04 0
a ] 1] =] F0.00
Material i = e 510
I 11 ] £a $0.00
\/ 12 0 |es $0.00
13 |Chimney vert, type W, 3 inch Diameter H] feet F6.01
o “ent Connector
I g1% 14 |Type S Elhows, 3 inch Diameter 1 ) $2.57 17 ja6
Quantity @91% 15 [1/2 in wide galv stesl strapping 2 & $0.18
. 16  |Flexible 2 ply Al Liner w/iflazh, cap, mortar collar 4 in Dia" 24 feet §93.24
= 9 25 236
Relining @91% 7 Tconnector 1 lem $22.04 .
\/ Furnace 18 100 MBH Furnace-- site & connect 1 =] F0.00 75 F330
Electrical Hookup 189 |Thermostat hookup, low voltage wire, heat + cool 1 3 F24.26 0.4 45
M t . 1 20 1] ea F0.00
ateria I 2 0 |feet $0.00
4 Water Heater 0o 10
+ Labor b 22 i (== $|:|.DE|
\/ 23 0 =] F0.00
. 24 1] feet F0.00
Drainage 25 0 |ea soo0] P .
Totals 165 148 a4
|Weighting Basis: 2012 National Average Class: MW Gas Furnace

P ﬂ:' Orphaned YWH Consurmer Options ! Sensitivity Results Regional Incrementals Venting Opkions J{' F\ssumpl 1| |

25
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Energy Efficiency and Renewable Energy

Step 3: Line Item Quantity - Installation Size-related Parameters

A | 8 | ¢ | b | E | F | &6 | H [ |
33 Size-Related Parameters:
34 Vent Connector Diameter: 3" MNon-condensing, 2" Condensing. Product Literature research (+1" added for larger ¢
\/ ] Went Diameter: 3-5" nominal 4" for non-condensing; 2" for condensing. MFGC Calculations. {(+1" added for larger ¢
No
Config- Type B Vent Diameter P “;?':: r(hlc-:'?::.;r
uration a6 Heater
v 7 0 30 | 50
38 40 1DI H 3" 4" 4"
. EDI H allfNA dll 4"
Bill qf 39 Furnace : : : :
Material 40 Size 75 10'H 4 5 5
41 (KBTU) 50'H 374" 4" 4"
42 150 10'H | 4% B" 7"
43 EDI H -I'i"llf n 5" 5"
44
45 For each element in the above matrix, tables 13.1 (Type B no YWater Heater) and 13.6 (Type B whwater heater)
45 of the NFGC were used to look up applicable vent diameters. 2' connector rise was assumed.
47 Murmber of Ethows: 1-3 Non-condensing, 5-3 Condensing depending on configuration:
Material 45 Mominal Mum I:n'J:r' of fasonry f'-.-'1:3.:5:|:| nry  Type B Plastic
+ Labor 49 b 3 Lined
g Electric Water Heater 0A an 141 045
&0 (l=olated)
Gas WWater Heater 0/ 1/3 243 0/s
(Comman)
51
52
53 | Appliance Capacity:
54
55 Mon-weatherized Gas Furmnaces: 40-150 kETU input, 30 kETU nominal.
o6 Derived frum LCC runs, which correlated RECS data with the age and size c:fthe house, and histarical GAMA shipment dat
or s o mmommm mmdt s~ A s faee st A A0 DT e e 26
[E I B S ,.{ 'u'entlng OEtlans 4 Assumptions D?EI‘VIEW‘.{ Appliance Capacity ,{ RECS Data ,{r Regional ‘eighting j{ Crew Labor Rates ,( M | A |




Jepartment of En

Energy Efficiency and Renewable Energy

Step 4: Material & Labor - Line Iltem Costs

2003 List Prices
e .
o
£
&
Avg =
List 5§ = §
i W i
Price & = 2 = ¢ .
Item Dia- per 2 § g 3 z @
1
No. Item Description meter | Unit Unit = ) | 1] - N
1 172" % ®" Pipe Mipple, Sch. 40, Black Iron NPT ea. $0.53 $0.53
2 1/2" Union, NPT ea. $3.48 $3.48
3 Flexible Perforated Steel Hanger Straps ft. 5010 5010
4 Type B double wall vent, Randarm length 3" ea. $3.95
3 4" ea. $5.95
] 5" ea. $6.21
7 5" ea. §7.23
g Type B 90 elbows 3" ea. $15.21 $15.21
. 9 (Some adjustable) 4" ea. $19.25 $17.84 26500 $14.584
Material 10 5" ea | $2007 520.57
+ Labor 1 5" ea. $24.91 $24.91
12 Type B Adjustable Length 3" ea. 57.51 $8.04 56.98
13 4" ea. 1221 $9.42 $15.00
14 5" ea. $11.17 $11.17
15 5" ea. $12.03 $12.03
16 Type B wall thimble 3" ea. §6.55 §4.33 $5.54
17 (Bucket) 4" ea. $4.33 $4.33
18 5" ea. $6.86 $6.86
19 5" ea. $8.86 $8.86
20 Roof flashing, storm collar 3" ea. 5544 36.35 55.44
21 {Grainger Kits incl. Draft hood connector 4" ea. $16.36 |7 3875 $23.00
RECS Data Regional Weighting Crew Labor Rates % Material Database ‘Water Heater Equiprment Estimate ENEL EN
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Sensitivity Analysis

A]B] C | D [ E [Fl & |

H |

| J |

581
562
583
554
565
556
557
e
603
B04
605
3
507
G
609
G100
611,
612
613!
614
B15.
616
617
EE
EEl
620
621
622
=
624

626
B27

Forecast: Condensing Incremental Costs

Summary:
Display Range is fram $31 to §464
Entire Hange is from ($5) to $605
After 10,000 Trials, the Std. Error of the Mean is §1

Overall Results - Cell: C8

Fomcart: Condening Inaementa i Carty

10000 Trialn Fraqus ney Chart

5,807 Clhiplas d

Probability

£31 ks 258 31

==

17

- 118

Aduanbaiy

EL-1

Forecast NWGF 80%: AFUE Total Average

Summary:
Display Range is from $566 to $363 §
Entire Hange is from $544 to $596 §
After 10,000 Trials, the Std. Error of the Mean is §1

¥ Master BOM iktivil ¥ Reagional Incrementals

Overall Results - Cell: B2

‘Yenting Options

Assumptions Owvery
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Class Dropdown Switch

stallation Model

- of this model read the accompanying Technical Support Document.
il Furniace ppendix B.2 covers the "Installation Model” assumptions and results in great detail.

il Bioiler ure that the "Tools/OptionsMiew/Cormment Indicator Only" button is checked.

Macros are used in this cost model. If you didn’t enable macros when opening Excel, please File/Exit and re-open, enabling macros.

Incremental IZZ|:|r|'||:|-3r'i5|:|r|sf |_ I

Model Dveryiew /4

Gas Boiler

My (5as Furnace

Wenting Glossary & Results for Most Classes ¢ Owerall Results 5 Sub-Results
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Rulemaking Overview
Engineering Analysis (Rebuttable Payback)
Life-Cycle Cost Analysis

National Impact Analysis
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= U.S. Department of Energy
7

Energy Efficiency and Renewable Energy

Rebuttable Payback

= EPCA requires DOE to recalculate a “rebuttable payback.”

* “(iii) If the Secretary finds that the additional cost to the consumer of purchasing a product

complying with an energy conservation standard level will be less than three times the value of the
energy savings during the first year that the consumer will receive as a result of the standard, as
calculated under the applicable test procedure, there shall be a rebuttable presumption that
standard is economically justified;”

= Calculations shall be performed using the DOE test procedure.

= Rebuttable payback differs from the LCC payback, which reflects field
conditions.

*per (42 U.S.C. 6295 (1)(2)(B)(i)(V)(iii) Part B of Title Il of the Energy Policy and Conservation Act (EPCA),
Public Law 94—163—as amended by the National Appliance Energy Conservation Act (NAECA) of 1987

31
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Rebuttable Payback

Payback

—

Consumer First Cost
Change

Sy

Operating Cost
Change

32
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Rebuttable Payback Overview

Equipment

Cost-

Efficiency Markup

Relationship
Installation
Cost

Energy Energy

Usage Price
Maintenance
Cost

First Cost \
Rebuttable

Operating
Cost

Payback

33



Engineering

Analysis

The markup results are on the class calculation sheets.

B13 - £ oilboiler_base_ignitar
A E | C 1]
1 | DATA WORKSHEET
H Definition ariable Hame Walue M Comnelie
i |Markups / Sales Tax
102 M Markup mfr_markup 126 Mlarkup applied by the furnace manufacturer,
) A E [ [u] E F G H I
AR ek i | NON-WEATHFRIZED GAS FURNACE Installation Mod
04 Incremental Wholesaler Markup incr_distr_markup 2 Cost ata
105 Contractor Markup contr_markup g Costs q) j unit) Consumer Co:
106 Incremental Contractor Markup iner_contr_markup 4 Material | ahor ngpnmﬁon Overhead| Total |(Incremental| Retail
5 & Design Options $ $ $ $ b $
Manufactured Home Manufacturer and Distributor Markup MAH_mir_distr_markup & Non-Weatherized $232.79  $50 16 $19.52 $31.16 $341.33 $1,086.42
107 7 AFUE (A) - Increased HXArea $234.69  $58.05 $19.62 $31.62 | $344.48 $3.14 3.03
Builder Markup bld_markup E0WAFUE (A1) - ImprovedCireBlowrerllotor (PSC) $237.69 $38.3 $19.62 $3162 34748 $6.14 0033
03 = B0MAFUE (420 - ImprovedCireBlowerhlotonECH) 333760 $52.5 31982 $3162  $447.42 $106.14 300.50
10a | Meremental Builder Markup cf_bld_markup B0MAFUE (43) - ImprovedCireBlowerhlotonSR) $33769 $58.55 $19.62 $31.62  $447.48 $106.14 1$1,309.50
Sales Tan sales_tax BUMAFUE (A4) - InmprovedCireBlowetlrpeller wi PSC $20325 §5855 $39.54 $31.62  $42295 3816 $1,257 94
o B0%AFUE (435) - ImprovedCompactCircBlowerlmpeller + ECI | $350.20 §58.55 $19.62 $3162 46200 1,35471
i |Merkupen the B =t [gas furaces) markup_base_cost 80%AFUE (B) - Improved Heat Transfer Coef $235.22  $61.82 $19.62 $32.50 | $349.16 1, 102.87]
3250 $352.16 &2 1,109.17
I: D E F E H I | $32.50 $452.16 11082 |$1,319.34
3250 45216 $110.82 |$1,31934
Ll »
Installataban I!,'Iuﬁn.su $8630  |$1,267.80
— 7 5 $132.34  |$1.364.55
$31.62 $25.19  |$1,130.37
Cust Dﬂtﬂ. $31.62 . $28.19  |$1,14568
. $31.62 053 $128.19 |$1,355385
Mir Cosis (per unit) Consumer Coig s Lisos  simss |5138107
$a2.08 $186.95  |$1,478.91
$347.56 $6.22 $1,099.50
u u » $350.56 $9.22 $1,10581
Material | Labor | Transportation | Overhead| Total [Incremental| BRetail |¢fe oo sz [noiss
F3180 $450.56 $109.22  |$1,31598
$ $ $ $ $ $ $ $31.89  $426.03 58470 |$1,264.43
§31.89 $472.07 $130.73  |$1,361.18
$ $ $ $ $ $ $3261 | $350.43 | §0.10 |$1,105.54
23270 §5T.Th 19.62 31.16 341.33 LO08o.42 2o D98 S i
$32.61  $453.43 f112.10 |$1,32202
$234.69 $58.55 $19.62 $31.62  $344.48 $3.14 $L093.03 (e sose s |10

e e— —— S v vyt
[4 4 » WifData s NonWeath Gas Furnace { "Weath Gas Furmace £ MH Gas Furnace A Oil Furnace £ Gas Baller £ Oil Boler /4 TP-Singlestagectrl A

TP-Twic
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Energy Usage Calculations

| B [ e T o T uw [ v [ w | % [ ¥ | 7 [ & [ &8 [A&C| &D | AE |

BOH & Fae Calculations (per CFR 10.2 ) for Eguiémem wi Single Stage Controls

Model Humber Qyy R tp ¥ Yo ¥e RDHR A B BOHg;

AT AT

Hon-Weatherized Gas Furnaces

Gasz Furnace, 7 8% witime delays wio pilat a 0.01649 a
Gasz Furnace, S0%(A) whime delays, wio pilct g 75,000 558,704 1.0 a 0.02 a
B0%(A1) - ImprovedCircBlowerhator (PSC) P 75000 59742 10 0 1.13 016 1.00 30 0.02 0 532
S0%0A2) - ImprovedCircBlowerhiator(EC] 75,000 29135 a 113 016 1.00 30 0.02 a
S0%(A3) - ImprovedCircBlowerhdot 75,000 99,264 A a 143 016 1.00 30 0.02 a
75,000 29452 1.0 a 113 016 1.00 30 0.02 a
75,000 58,725 | a 113 016 1.00 30 0.02 a 781
Gaz Furnace 75,000 59475 1.0 1] 113 016 1.00 30 0.02 1] TE4
81%(A1) - Impro 75,000 29475 a 113 016 1.00 30 0.02 a 765
75,000 29475 a 113 016 1.00 30 0.02 a 769 453
75,000 29475 a 113 016 1.00 30 0.02 a 767 451
n nne n

¥e

| o0% 75,000 a7 a0s d 016
30%(4:2) - ImprovedCircBlowerMator ECM) 75000 66225 i 016 1.00 40 0.01 i 925 54|
S0%LAT) - ImprovedCircBIowerMotor(5R) 75000 66,225 0 113 016 1.00 40 0.01 0 923 s79|
S0%44) - ImprovedCircBlowertlmpeller wi PSC 75,000 BE 22 0 11 016 100 A 0o 0 a24 71l
S0%(A5) - ImprovedCompactCircBlowerlmpeller + ECM_|_75,000 A E Ik ] [ [ [&]
Gas F 92% wltime delays, wio piot 75,000
SR}  inproverCircBlowerhielor (PSC) 7epon] ! (NON-WEATHFRIZED GAS FURNACE
92% (A2 - ImprovedCircBlowwerhotar(ECh) 75,000 2 Lad TUse Data
| 40| 929%(A3) - ImgrovedC?chlowerMotor(SR) 75,000 T
I:4 4 me I'~F1?—|"GasI Furnac; £ -5“ FurllﬁaceII £ Ga; Boiler 4 il Bo’ilerm}.n
4 BOH Fuel Eleciric
5 D Efficiency Levels & Design Options hr MEfufr | ERpear
6 1] T8¥AFUE - Baseline Non-Weatherized T92 59.42 558
36 2.3 |81MAFUE(C)- Modulation (2-stage) 985 T3.85 656
a7 2.3.1( EBIWAFUE(C]) - ImprovedCireBlowerhlotor PSC) Q87 7359 G40
38 2.3.2( ElWAFUE(CL) - InprovedCireBlovwerllotor ECTYT) oy 7451 553
29 2.3.3( BLWAFUE(C3) - ImprovedCireBlowerlmpeller 004 1457 579
2.3.4| ElWAFUE (C4) - ImprovedCompact CircElowerIrapeller + ECTV | 1,005 1540 430
82MAFUE (A) - Increased HX Area 1,007 T75.49 T09
BANAFUE (41 - ImprovvedCireBlowerhloton PSC) 1,002 15.56 =)
B2 AFUE (42) - ImprovvedCireBlowerhlotor ECT) 1,013 1596 597
EXAFUE (A3) - ImprovedCireBloowerlvioton SR 1,011 1581 634
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E

1 | NON-WEATHERIZED GAS FURNACE

2 [ EnergyUseDan |
/

4 / Maint. | BOH Fuel Eleciric

5 ID Efficiency Levels & Design Options '7 $ by MEqdyr | EWRpear

B 0 (T8%AFUE - Baseline Non-Weatherized / $36.61 702 50,42 553

3% | 23 |B1%AFUE (C)- Modulation (2-stage) / $36.61 085 T3.85 656

a7 231 EDWAFUE(C1) - ImprovedCireBlowerlvlotor P $36.61 QET 1399 &0

Sources: Maintenance cost is based on information from GRI, MHI and PNNL.
The residential energy prices are based on EIA Annual Energy Outlook (AEO)

2003 data.
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Rebuttable Payback

pr—

A E 8] | P | a |
1  NON-WEATHERIZFED GAS FURNACE
2 Summary Economics
3 Total Costs

Total Total Simple

4 Installed | Operating |Payback
5 Efficiency Levels & Design Options ¥ I years
5 78%.AFUE - Baseline Non-Weatherized $1,792 $495
v B0%AFUE {A) - Increased HX Area $1,5802 $483 1.0
8 B0%AFTTE (A1) - InprovedCircBlowerhlotor (P2C) 7 £1,202 F483 14
=] S0 AFTE (A2) - ImprovedCircBlowerhlotor{ECHD k2,018 E475 147
10 S0 AFTTE (A3) - ImprovedCircBlowerhlotor{ 5E) ] F2,016 £431 16.1
11 S0%AFTE (A4 - Improve dCircBlowerlmpeller w/f PSC £1,965 £480 12.2
12 0% AFTTE (AD) - Improved CompactCircBlowerlmpeller + EChI E2,060 B477 15,1
13 80%AFUE (B) - Improved Heat Transfer Coef $1,812 5483 1.8
14 B0%AFTE (B1) - ImprovedCircBlowerbhdotor (P £1,818 E483 23
15 020 AFTTE (B2) - Improved CucBlowerlotor(ECID £2.025 F479 153
165 B2 AFTE (B3) - ImprovedCircBlowerhlotor(SR) Ez2,025 £431 168
17 0% AFTTE (B - ImprovedCucBlowerlmpeller wl PSC £1,875 £420 12.9
18 B0%AFTTE (B3) - ImprovedCompactCircBlowerlmpeller + ECH £2.070 B477 157
19 B80%AFUE () - Modulation (2-stage) $1,848 5472 15
20 0% AFTTE (C1) - ImprovedCircBlowerhlotor{ B30 1,854 F472 27
21 B2 AFTE (C2) - Improve dCircBlowerhlotor{ECHD Ez,061 E470 11.1
22 0% AFTTE (C3) - Improved CircBlowerlmpeller 2,052 £471 102
23 B0WAFTE (C4) - Improved CompactCircBlowerlmpeller + ECh £2.183 F465 154
24 21 81%AFUE (A) - Increased HX Area $1,888 $478 5.9
25 2.1.1 E1%MAFUE (A1) - ImprovedCircBlowerbdotor(PE2C) £1,894 £478 6.0
26 212 B1%WAFTTE (A2) - Improved CircBlowerhdotor(ECH) £2,101 £474 15.1
ey 213 B1%MAFTE (A3 - ImprovedCircBlowerblotor(SED £2,101 £475 16.1
28 214 B1%MAFUE (A4) - InprovedCucBlowerlmpeller w/f PEC E2,050 B475 13.3
29 215 BI%AFTE (A5) - ImprovedCompactCircBlowerImpeller + EChA £2, 146 F471 15.4
AN
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Rulemaking Overview

Engineering Analysis
Life-Cycle Cost Analysis

National Impact Analysis

38



U.S. Department of Energy

Energy Efficiency and Renewable Energy

Furnace/Boiler ANOPR Analysis Outline

B This presentation is focused on the Life-Cycle Cost (LCC) Analysis
of the Furnace/Boiler ANOPR.

Markups for
Equipment
Price
Determination

Market &
Techno

Life-Cycle
Cost Analysis

nergy Use &

House Load
Calculation /
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o e /
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Statutory Requirements
LCC Analysis satisfies a statutory requirement:

“(i) In determining whether a standard is economically justified, the

Secretary shall ... determine whether the benefits of standard exceed
its burden by ... considering

(ii) the savings in operating costs throughout the estimated average life of
the covered product in the type compared to any increase in the price
of, or in the initial charges for, or maintenance expenses of, the

covered products which are likely to result from the imposition of the
standard;”*

*per (42 U.S.C. 6295 (1)(2)(B)(i)(Il)) Part B of Title Il of the Energy Policy and Conservation Act (EPCA), Public Law 94—163—as
amended by the National Appliance Energy Conservation Act (NAECA) of 1987
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Basic LCC Process

Economic evaluation from the customer perspective

Change in First Cost
\ Combine Changes

/ in Costs
Change in Operating Costs

LCC Results
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Basic LCC Process

B LCC equals first cost plus the sum of operating costs
discounted to a particular base year

B Implemented in an Excel® spreadsheet
B Key sensitivities can be tested

B Results are expressed as LCC difference (baseline minus
candidate standard)

B One LCC spreadsheet for each product class
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LCC Formula

Life-Cycle Cost is expressed as the First Cost plus the sum of the
discounted Operating Cost.

Life-Cycle Cost = First Cost

+ sum of discounted Operating Cost

lifetime

LCC = FirstCost + Z
Vear (1 + DiscountRate)

OperatingCost

year
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Uncertainty and Variability

B LCC calculation done for a representative sample of houses

B Monte Carlo analysis to capture uncertainty and variability
® Inputs sampled from probability distributions of values
® 10,000 iterations
® Range of LCC results

B |dentify the percentage of consumers with LCC savings due
to possible standard levels
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Components of the LCC Analysis

. . Life-Cycle
First Cost Operating Discount Lifetime Cost
Cost Rate
Results

First Cost Operating Cost | | Discount Rate Lifetime is how | | Life-Cycle Cost
consists of: is derived from:| | Is the interest long a furnace to consumers
consumers pay | | will be used of purchasing
1) Equipment 1) Energy for purchasing before it is and operating
Price Consumption| | a furnace replaced a new furnace
2) Installation 2) Energy for its lifetime
Cost Prices
3) Maintenance
Cost
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Elements of First Cost

Equipment Price

Manufacturer All

Cost Markups
Installation
Cost
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Manufacturer Costs
Cost of Virtual Models varies by Input Capacity and Airflow Capacity ($)

Input Capacity (kBTUH) Bcl:ow<ter
oS

45 | 50 ( 60 | 70 | 75 | 80 | 90 | 100 | 115 | 120 | 125 | 140 | Adders

800 CFM
(2 tons)

1200 CFM
(3 tons)

1600 CFM
(4 tons)

2000 CFM
(5 tons)

Max. Airflow (at 0.5 in.w.g. ESP)

Cost
Scalars

0.93 | 0.94 | 0.96 | 0.99
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Markup

Manufacturer Costs

Markups across
the distribution Manufacturer Markup

chain. y
Wholesaler Markup

New or
Retrofit

New Retrofi
\ 2 3
Contractor Markup - Contractor Markup -
New Construction Retrofit
v v
Builder Markup Sales Tax

Equipment Price
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Baseline and Incremental Markups for Wholesalers and
Contractors

Baseline markups are the ratio of price to cost prior to standards. The price covers all of a
Wholesaler’'s or Contractor’'s expenses plus profit, direct labor and overhead costs

Incremental markups are the ratio of the additional price after standards to the additional
cost due to standards.

Markups for Wholesalers

For an incremental change in CGS
Per Dollar Cost of Goods Sold  $1.00
LaborExpenses $6-25
Other Expenses $0.11
1.1

Incremental Markup =

For baseline conditions
Per Dollar Cost of Goods Sold  $1.00

Labor Expenses $0.25
Other Expenses $0.11
Baseline Markup = 1.36
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Installation Cost

006 .
£ Category IV
% 004
2 o kit .
005 ;
£ ” Category III
= 002
C ali [y
009 - L
2 Category I + -
= 006 Vent connector
=
=] —_—
009 - [t
2 Category I $1.819
= .00Fd L
=]
- —l
xRy [ 019
K]
-% .00z
©
=i :
4544 $E57 $7700 883 $996
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Elements of Operating Cost

Energy Energy \
Consumption Price /
Maintenanck
Cost /
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Consumption
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Energy Consumption

Assi Calculate Calculate Sel
Select House FSS|gn House Energy e eclf
urnace Load Use Baseline
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Selection of Houses

A sample of 1,986 households is extracted from RECS 1997.
This sample represents 37.3 million households, both

‘ ; replacement and new construction
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Assign Furnace

B [nput capacity correlated to size of house
B Airflow capacity correlated to size of house

B AFUE for existing furnace is correlated to climate of house
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Calculate Heating Load

Annual House

Heating Load

Burner Operating
Hours
(existing furnace)

Electric Use Rate
Fuel Use Rate (heat from Blower
Motor)
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Calculate Energy Use

+
|
|
‘/—, |
—————————————— e ——————— T T T T T T T T T T T oo —————————-
|
|
|
A |
|
I B
I »
|
2 [
|
| >
I »
|
S — 2 |
|
|
|
< |
|
|
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Select Baseline

B Baseline furnace efficiency varies from house to house.

B Assign AFUE as a function of climate of sample house
® Use same approach as for existing furnace
®* Except that:
— AFUE distributions are from current GAMA shipment data
— AFUE assignment is done according census division
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Energy Price

Average residential price of natural gas is expected to increase (AEO 2003).

$10.00

$9.50

$9.00 -

$8.50

$/MMBtu

$8.00

$7.50 wa

$7.00 -

$6-5O T T T T T T T T T
1995 2000 2005 2010 2015 2020 2025 2030 2035 2040 2045

Year
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Maintenance Cost

Maintenance cost is the annual cost of maintaining a furnace in proper
working condition.

81% and less $35 (£15%)
82-83% $58 (+15%)
90% and 92% $61 (£15%)
96% $102 (£15%)
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Discount Rate
Rates for Household Debt and Equity Types

Second mortgage 3 5.9
Credit card and installment 9.1 12
Transaction (checking) accounts 20 2

CD (6-month) 7.9 2.8
Savings bonds (Treasury) 1.6 3.7
Bonds (Corporate AAA) 8.3 4.4
Stocks (S&P500) 30.2 9.6
Mutual funds 19.8 7.6
Total/Weighted-average discount rate 100 6.7
New construction 100 7
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Furnace Lifetimes

12%

10%

8%

6% |

Probability

4% -

2%

0% i
0 10 20 30 40
Lifetime (years)

Source: Appliance Magazine, Sept. 2001.
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GAS FURNACE (NONAWEATHERIZED)

USER OPTIO

Imztallation Scenario

™ GRl Cata

I MR Carada Data

= inelaton Modal

Encrgy Prics Tramd | aBC 2003 -Reterence came 7|

Erart Tear 012

ASSUMPTIONS:

OUSEHOLD INFORMATION [EXISTING]-

RECS

Input Capacity A tuche

Air Handler Size e

AFUE of Existing Unit

Annual Furmace Gas Use 1918 AMEew
ARV

AC Operating Howrz 441 Aowr

Heating Fuel a2 redwasnimsi

1997 Encrgy Prices For Homsehold i S50 alodlivad
Average Marginal
LPG Price [annwal])

" G ST G AR TR e
st e SO el

LIFE CYCLE COST CALCULATION

LIFE CYCLE COSTS RESULTS

Tear of Parchase
Tear Equipment Retires 2031

ergy Price wsed in LOC Average Marginal
2013 2031 2012 2031
rer SAATEINS L &.a4 aar &._45 a_18
Rer IR o2 LR E L RE]
Elec. Price - O o1z o013 o013
Basclinc Efficicacy Lerel B 0z AFUE
Barmer
EFF._ Oper. Hours
Level Deccription Aoligd e gused

T5% AFUE - MAECS Min,
B0% AFUE - Incr. HX Ares
50% AFUE - PEC
B0% AFUE - ECh
0% AFUE - BC/ECH.
B0% 2-stage Mod
B0% 2-stage Mad ECR
£0% S stags Mod BC/ECR-
5% AFUE - Incr. HX Area
1% AFUE - PECs
&1% AFUE - ECR
B1% AFUE - BCIECH
B1% 2-stage Mad
13 51% 2-stage Mad ECR
14 5% Dockange Mad BCIECH.
15 52% AFUE - Incr. H Area
16 H2% AFUE - PECe
17 80% AFUE - ECR
18 &2% AFUE - BC/ECM.
19 52% 2-stage Mad
20 52% 2-stags Mod ECM
21 5ok 2ostage Mod BCAECH:
D2 &3% AFUE - Iner. H Ares
23F o0% AFUE
24  30% AFUE - PECe
2% A0% AFUE - ECRA
26 30% AFUE - BC/ECH.
DY B1% 2-stage Med ECRA
28  D1% 2-stags BCIECM.
23 31% Step Mad ECR
30 31% Step Mad BC/ECH
F1  D2%AFUE - Incr. X Area
32  a2% AFUE - PECe
3%  90% AFUE - ECR
34  92% AFUE - BCIECH.
35  83% 2-stage Mad ECRA
36  D3% 2-stage Mad BCIECRK-
37 A3% Step Mad ECR
38 A3% Step Mad BC/ECHs
38 O6% AFUE Step Mad EGR
40 95% AFUE Step Mod BC/ECH.

Hoguas|~aveuna
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J@ File Edit W¥iew Insert Format Tools Data Window Cell Run CETools Help Acrobat

The fellowing is a list of the worksheets included in this LCC spreadsheet:

Summary
Engineering

MnfCost Adjustment
Markups

Installation Cost
Relining Cost
Maintenance Cost
Electricity Use
Generic Models

Fan Curves

RECS HH Data

Energy Price Trends

AFUE Dist
SEER Dist

Input Capacity
AC Capacity

Discount Rate
Lifetime

Labels

You can navigate fo any of these workisheefs by clicking on the hyperiinks.

Summary of LCC calculations

(1) A descriptive name and the AFUE of each design option. Each design option is assigned an efficiency level (0 to 39).
(2) Baseline (V8% AFUE) manufacturer's cost and incremental manufacturer's costs for other design options

(3) Depending on the input capacity and air handler size assigned, the manufacturer's costs are adjusted accordingly.
(4} air flow efficiency n, BEh and Bec for each design option

Manufacturer's cost scalars for non-condensing and condensing furnaces by input capacity and adjustments for maximum airflaw capacity.
Distributions for manufacturer's markup, wholesaler's markups, contractor's markup, builder's markup and sales tax

Distributions of installation costs by AFUE

Distributions of Relining Cost

Distributions of maintenance costs by AFUE

Calculation of (1) household heating load HHL, (2) air flow efficiency n, BE,, and BE, for baseline, PSC+, ECM and BC/ECM+ hlower/motors.
Using the input capacity and A/C capacity, the household equipment is mapped to one of the 25 generic models

Low and high fan curves by size of air handler (baseline design, ECM, BC/ECM+)
Low and high air flowr efficiency curves for non-condensing and condensing furnaces

BaselineEff by Divisio Baseline Efficiency (ranked ardered) by percentile in each of 14 regions.

HDD Dist by Division Distribution of HOD (ranked ordered]) by percentile for households in each of 14 regions.

RECS 87 household informations for households with gas furnaces

Energy price trends based on AEQ 2003

Distribution of AFUE by shipment percentile. Distribution of HOD by percentile of RECS household

Distribution of centrail A/C SEER from historical shiprment

Distribution of input capacity by shipment percentile. Distribution of square footage by percentile of RECS household
Distribution of AC capacity by shipment percentile

Distribution of discount rates for new and replacement units

Distribution of lifetime of equipment

Labels for setting up graphical user interface
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GAS FURNACE (NON-WEATHERIZED) LIFE CYCLE COST CALCULATION

USER OFTION

a
1 lati = -

LIFE CYCLE COS5TS RESULTS

Tear of Purchase

Tear Equipment Retires 2031
™ GR Cata
™ MR Carmda Ceta Emcrgy Price mzed in LOCC Arerage Marginal
sy SR, ear s 201z F031___F01E  F031
= jnrlliaton Modal Gaz Price - wimter AARELT & 44 EXT & 45 ERT]
Elec. Price - wimter /6 i oz o1z LRES
Elec. Price - mer g o1z 013 013

Encrgy Price Trowd | aBc 2003 - Re

Eeart Tear L

ance 3w J

Base

e Efficiency Level BN oz AFUE

Barncr
ASSUMP TIONS: EFF.
Lewel Description
I o I5% AFLIE - AECS Ielin,
A 1 0% AFUE - Iner. HX Ares
2 S0X AFUE - P25+
3 S0% AFUE - ECRA
HOUSEHOLD INFORMATION [EXISTING. 4 S0% AFUE - BGIEGM+
RECE 1ID: 1318 5 0% 2-stage flod
6 S50% 2-ctage Mod ECM
Input Capacity T 50% 2-stage Mod BC/ECH
Air Hamdler = E:3 S1% AFUE - Incr. HX Area
8 &% AFUE - PG

AFUE of Existing Unit
Anmwal Farnace Gas Use
Homse Heating Load

AC Opcratimg Houwrs
Heating Fuel

1 &1% AFUE - ECRA
11 51% AFUE - BEC/ECR-
12 51% 2-stage Mad
1F  &1% 2-ztage fMod ECRA
14 5% 2-ctage Med BCECH.
15 &2% AFUE - Incr. HX Area
16 S2% AFUE - PEC+
1T 52k AFUE - ECM
18 &2% AFUE - EC/ECR+
13 2% 2-stage MMod
20 S2% 2-stage MMod ECR
21 S2% 2-sknge Wod BCIECHAs
B3 55% AFUIE - Incr. HX Ares
23F 30X AFUE
24 320X AFUE - PEC+
25 30% AFUE - ECM
26 A0x AFLIE - BEC/ECRA+
27 31X 2-stage Mod ECRM
28 3% 2-stage BGIECH.
23 3% Srep Mod ECHA
F0_91% Step Mod BC/ECH.
Il 3FEZXAFUE - Incr. HX Area
r GRI Data 32  92% AFUE - PSCa

33 3% AFUE - ECM
34 Szx AFLIE - BEC/ECRA+
35 A3X 2-stage Mod ECR
JF6 A5G 2-stage Mod BC/ECH
i HR Canada Data FT  33% Step Mod ECM

38 35% Srep Mod BC/ECH.

3F3 56X AFUE Step MMod ECR
A0 35X AFUE Step Mod EC/ECT+

Elec. Price fuviesscd
Elec. Price frammen?

L E =
Sl i s SRR Sodlars

* Installation Model
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GAS FURNACE (NON-WEATHERIZED) LIFE C¥CLE COST CALCULATION

LIFE CYCLE COSTE BEcin xo,

o Secmaa AEO 2003 - Reference Case

™ GHR Dt

MR Carads Deta

= nrlliaton Modal

Constant 2001

Emcroy Price Trond [ aEcams -Reteranes cane
e AEO 2003 - Reference Case

ASSUMP TIONS:

AEO 2003 - High Growth Case
AEO 2003 - Low Growth

LT S1% AFUE - Incr. HX &ren
&% AFUE - PEC+

HOUSEHOLD IN RMATION [EXISTING]
1318

Inpat Capacity
Air Hamdler Size
AFUE of Existing Unit

Anmwal Furmace Gas Use 1918 AWSe 10 51% AFUE - ECM
Howsze Heating Load [ As3a | Aaneses 11 51% AFUE - BC/ECK.
AC Operating Homrs Fry o 12 51% 2-stage Mod
Heating Fuel [ a | s omiesi 13 &1% 2-stage Mod ECRA

14 S1% 2-stage Mod BCIECK:
1997 Encray Prices For Household i S5af slodarsi 15 &% AFUE - Incr. HX Area
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GAS FURMNACE (NON-WEATHERIZED)
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GAS FURNACE (NON-WEATHERIZED) Simulation Results
# Samples = 10000 LCC Payback
Design Option: Average . . % no %
number AFUE/Electricity Average Gl Net Cost Nolmpact NetBenefit Median Average impact undefined

0 78% AFUE - NAECA Min. $9,966

1 80% AFUE - Incr. HX Area $9,795 $0 0% 99% 1% 2.1 37.8 99% 0%
2 80% AFUE - PSC+ $9,784 $7 17% 27% 56% 5.4 5.3 27% 14%
3 80% AFUE - ECM $9,873 -$59 60% 27% 14% 23.0 33.7 27% 1%
4 80% AFUE - BC/ECM+ $9,822 -$21 51% 27% 23% 17.2 26.3 27% 1%
5 80% 2-stage Mod $9,718 $41 33% 27% 40% 8.6 13.5 27% 9%
6 80% 2-stage Mod ECM $9,795 -$13 48% 27% 26% 15.4 211 27% 0%
7 80% 2-stage Mod BC/ECM+ $9,782 $1 45% 27% 28% 14.3 20.9 27% 0%
8 81% AFUE - Incr. HX Area $9,789 -$3 32% 27% 41% 8.8 27.8 27% 1%
9 81% AFUE - PSC+ $9,779 $5 30% 26% 44% 8.1 21.3 26% 0%
10 81% AFUE - ECM $9,868 -$62 51% 26% 23% 17.8 26.2 26% 0%
11 81% AFUE - BC/ECM+ $9,816 -$24 45% 26% 29% 14.8 22.9 26% 0%
12 81% 2-stage Mod $9,680 $63 29% 26% 45% 7.6 17.0 26% 2%
13 81% 2-stage Mod ECM $9,796 -$20 44% 26% 29% 144 211 26% 0%
14 81% 2-stage Mod BC/ECM+ $9,782 -$5 43% 26% 31% 13.7 20.5 26% 0%
15 82% AFUE - Incr. HX Area $10,170 -$292 70% 26% 4% 28.7 84.6 26% 67%
16 82% AFUE - PSC+ $10,159 -$284 69% 26% 5% 29.2 80.6 26% 66%
17 82% AFUE - ECM $10,249 -$351 71% 26% 3% 48.4 102.4 26% 47%
18 82% AFUE - BC/ECM+ $10,197 -$312 68% 26% 6% 34.8 80.3 26% 36%
19 82% 2-stage Mod $10,103 -$256 65% 26% 9% 18.5 60.2 26% 53%
20 82% 2-stage Mod ECM $10,179 -$310 67% 26% 7% 346 82.1 26% 33%
21 82% 2-stage Mod BC/ECM+ $10,164 -$295 65% 26% 9% 30.9 70.4 26% 28%
22 83% AFUE - Incr. HX Area $10,400 -$468 73% 26% 1% 63.3 121.3 26% 56%
23 90% AFUE $9,917 -$154 56% 26% 18% 17.9 425 26% 21%
24 90% AFUE - PSC+ $9,907 -$145 57% 15% 27% 14.3 37.9 15% 21%
26 90% AFUE - BC/ECM+ $9,957 -$180 63% 15% 22% 19.1 42.0 15% 11%
27 91% 2-stage Mod ECM $9,898 -$141 58% 15% 26% 16.5 40.6 15% 11%
28 91% 2-stage BC/ECM+ $9,878 -$118 58% 15% 27% 16.2 37.8 15% 9%
29 91% Step Mod ECM $10,119 -$328 67% 15% 18% 22.2 54.2 15% 10%
30 91% Step Mod BC/ECM+ $10,110 -$315 66% 15% 18% 21.6 49.2 15% 8%
31 92%AFUE - Incr. HX Area $9,924 -$166 60% 15% 25% 16.1 417 15% 17%
32 92% AFUE - PSC+ $9,914 -$156 63% 2% 35% 13.2 35.8 2% 18%
33 92% AFUE - ECM $10,015 -$255 76% 2% 22% 21.3 45.0 2% 11%
34 92% AFUE - BC/ECM+ $9,965 -$205 73% 2% 25% 19.2 39.7 2% 9%
35 93% 2-stage Mod ECM $9,912 -$154 67% 2% 32% 15.7 39.1 2% 9%
36 93% 2-stage Mod BC/ECM+ $9,891 -$133 66% 2% 32% 15.7 35.7 2% 7%
37 93% Step Mod ECM $10,134 -$373 78% 2% 21% 21.6 50.4 2% 8%
38 93% Step Mod BC/ECM+ $10,124 -$362 77% 2% 21% 214 451 2% 7%
39 96% AFUE Step Mod ECM $10,724 -$954 89% 2% 9% 323 88.9 2% 40%
40 96% AFUE Step Mod BC/ECM+  $10,738 -$967 91% 0% 9% 32.8 83.6 0% 39%
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Rulemaking Overview
Engineering Analysis

Life-Cycle Cost Analysis

National Impact Analysis
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The Need for National Impact Analysis

Q. Why isn’t the LCC the end of the economic analysis for the nation?

A. Specifically,

1.

LCC is performed from the perspective of households with furnaces
and is not the sole expression of national impacts

Total National Energy Savings is not estimated by LCC

Manufacturers impacts are not estimated by LCC
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The Need for National Impact Analysis

Q. How does national impact analysis differ from the LCC analysis?

A. Specifically,

1. Utilizes a shipments model to estimate the total stock of
furnaces in service in any year.

2. Aggregates the costs and energy use, by vintage, for all years
that the proposed standard is in effect.

3. The energy consumed at the site is not the energy consumed
at the power plant or wellhead.
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Purpose

B Estimate the National Energy Savings (NES) (Quads) by calculating annual and
cumulative energy savings for the forecast period 2012-2035.

B Estimate the Net Present Value (national NPV) by calculating the impacts for
equipment shipped during the period 2012-2035.

Method

B Spreadsheet-based analysis

B Utilizes energy use and installed cost from LCC analysis

B [mpacts totaled for all US households with projections to the
future

® Purchases to 2035
¢ Energy Impact to 2035 (source)

B Annual time series
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Process Chart

Key Inputs

* Construction Forecast Shipments
* Product Lifetime

* Market Share Model

A 4 A 4

Key Inputs National Energy National Net Key Inputs
« Annual Energy Use Savings » Present Value » Total Installed Cost
¢ Site-to-Source (Quads) (NPV) . Epergy Price
Conversion * Discount Rate
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Shipments Model

B Generates base case shipments, which is the case without new equipment
standards, and a standard case shipments, which is the case assuming new
equipment standards have taken effect (for the years 2012-2035)

B Accounts for equipment installed in new housing, conversions and
replacements to develop the total shipments

B Provides retirements forecast according to age distribution of furnaces in
each year.

B Incorporates market share model to account for fuel switching
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Shipments Flowchart

Total Shipments

New Construction

Shipments Conversions Replacements
- Install heating - Replace with - Replace with
systems into new equipment utilizing same equipment
construction a different fuel type and same fuel
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NES Flowchart
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National Energy Savings Key Inputs

Annual Energy Use

® Weighted average per unit values as a function of efficiency
level taken from LCC analysis

® Weighted average calculated according to efficiency market
share
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National Energy Savings Key Inputs

Site-to-Source Conversion

B Electricity consumed at the site does not equal energy at the power
plant

® Conversion losses

®* Transmission and distribution losses

Generation fuel mix and plant efficiency

Generation plant mix change over time

B Natural Gas fuel consumed at the site does not equal fuel at the
point of extraction

® Production losses

®* Transmission and distribution losses

B Conversion done with DOE’s National Energy Modeling System
(NEMS)
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National NPV
Flowchart

\4 v v v
Base Case Base Case Standards Case Standards Case
Cumulative Cumulative Cumulative Cumulative
Energy Cost Total Equip Cost Energy Cost Total Equip Cost
2012 -2035 2012 -2035 2012 -2035 2012 -2035

Cumulative Total Equipment
Cost Increase
(Standards Case — Base Case)
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National Net Present Value Key Inputs

Discount Rate

B National average

B Office of Management and Budget (OMB) mandated 7%
and 3% real
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National NPV
Flowchart
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Shipments - Gas Furnaces
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Shipments - Gas Furnaces
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Shipments - Gas Furnaces
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Non-Weatherized Gas Furnaces
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Thank you and for more information...

= U.S. Department of Energy Appliance Rulemaking Website

" www.eere.energy.gov/buildings/appliance_standards/residential/furnaces_boilers.html

= U.S. Department of Energy
" Mohammed Khan tel: 202 586 7892, mohammed.khan@ee.doe.gov

= Lawrence Berkeley National Laboratory
= Alex Lekov tel: 510 486 6849, ablekov@lbl.gov
= James Lutz tel: 510486 7302, jdlutz@lbl.gov

= Navigant Consulting

®  Graham Stevens tel: 202 973 8405, gstevens@navigantconsulting.com
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